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© Method for purifying high-temperature reducing gas. 

(g) In a method for absorbing and removing sutfur compounds 
such as hydrogen sulfide and carbonyl sulfide present in a 
high-temperature reducing gas using an absorbent, 
disclosed is a method for purifying a high-temperature reducing 
gas which is characterized in that: said method uses'at least 
four towers of reactors filled with an absorbent and comprises 
four steps which are an absorption step for absorbing and 
removing sulfur compounds with an absorbent, a regeneration 
step for regenerating said absorbent using a gas containing 
oxygen, a cooling step after the regeneration step, and a 
reduction step for reducing said regenerated and cooled 
absorbent with a high-temperature reducing gas until the 
concentration of the reducing gas becomes uniform before and 
after passing through the absorbent: heat is continuously 
recovered from the high-temperature gas at the outlet of the 
regeneration reactor in said regeneration step; and the 
regeneration and absorption performance is thus stabilized. 
Also disclosed is a method for purifying a high-temperature 



reducing gas which is characterized in that this method uses at 
least four towers filled with an absorbent as in the above 
method; and an additional preliminary regeneration step is 
provided besides the above four steps in order to make 
possible a smooth operation when switching to the regener- 
ation step and the continuous recovery of sulfur. 

F1S.V 




Bundesdruckerei Berlin 



Description 



1 



EP 0 328 479 A2 



2 



Method for Purifying High-Temperature R ducing Gas 



2. FIELD OF THE INVENTION AND RELATED ART 
STATEMENT 

The present invention relates to methods for 
purifying a high-temperature reducing gas. For 
example, it relates to methods for efficiently remov- 
ing sulfur compounds such as hydrogen sulfide and 
carbonyl sulfide from a high-temperature reducing w 
gas produced in a coal gasification process. 

In recent years, as a result of the exhaustion of 
P troleum resources and the rise in its prices, much 
attention has been paid to various fuels (or raw 
materials) and utilization techniques of coals and 75 
heavy oils (tar sand, shale oil, Maya crude oil, 
Chinese Taikei Crude oil, residual oil under reduced 
pressure, and the like) have been developed. 
However, resulting gasified product gases contain 
several hundreds to several thousands ppm of sulfur 20 
compounds such as hydrogen sulfide (H 2 S), carbo- 
nyl sulfide (COS) and the like depending on the kind 
of starting materials such as coal or heavy oil used. 
These sulfur compounds have to. be removed in 
order to prevent environmental pollution and to 25 
prevent devices on the downstream side from 
corroding. 

As a method for the removal of sulfur compounds, 
a dry method is known to be better economically and 
otherwise. Because the processes and devices 30 
involved are simpler, often used is a method of 
removing sulfur compounds by letting an absorbent 
- n §Ying metaLoxides as main components come into 
contact with the above sulfur compounds at a high 
temperature and turning the metal oxides into 35 
sulfides. 

Metal oxides of Fe, Zn, Mn, Cu, Mo and W are 
us d as absorbents and let react with hydrogen 
sulfide (H 2 S), carbonyl sulfide (COS) and the like at a 
temperature of about 250 to 500° C. 4 q 

As an example, we show reactions for removing 
H 2 S present in the above high-temperature reducing 
gas using Fe 2 0 3 ; absorption reactions proceed as 
shown by Equations (1) to (4) below. 
3Fe 2 0 3 + H 2 — 2Fe 3 0 4 -f- H 2 0 (1) 45 
3Fe 2 0 3 4- CO — 2Fe 3 0 4 + C0 2 (2) 
Fe 3 0 4 + H 2 + 3H 2 S — 3FeS -f- 4H 2 0 (3) 
Fe 3 0 4 + CO + 3H 2 S 3FeS 4- 3H 2 0 -h 
C0 2 (4) 

Subsequently, the absorbent after absorption is 50 
regenerated by a gas containing oxygen and turned 
into the starting metal oxide back again as shown in 
Equation (5). By repeating these absorption and 
regeneration processes, the sulfur compounds in a 
high-temperature reducing gas is removed as SO2 55 
gas and collected. 

4FeS + 70 2 — 2Fe 2 0 3 + 4SO2 (5) 

The absorbent used in this method is one or more 
of the metal oxides mentioned above by th mselves 
or as earned by a porous material which is h at 60 
resistant. In the case of a reactor b ing a moving bed 
system, the absorbent is normally shaped into a 
sphere or an extrusion, and in the case of a fixed bed 



system the shape is usually a honeycomb. 

Since the purified gas prepared by removing the 
sulfur compounds from a reducing gas such as a 
coal-gasified gas will be used as an energy source, a 
manufacturing process which produces a purified 
gas containing stable concentrations of CO and H 2 
is preferred. For stable production, the reactions of 
the above Equations (1) and (2) should be controlled 
as much as possible. Since in a moving or floating 
bed system the absorption and regeneration pro- 
cesses are repeated continuously, this can be 
achieved easily. 

In a fixed bed system, however, since the 
absorption and regeneration processes are re- 
peated intermittently, the concentrations of ,CO and 
H 2 in the purified gas drop temporarily' at the 
beginning of absorption reactions right after the 
regeneration. This phenomenon is quite undesirable 
for a method for purifying a high-temperature 
reducing gas. 

The inventors of the present invention proposed a 
method for purifying a high-temperature reducing 
gas which comprises and continuously repeats, in a 
method of removing sulfur compounds present in a 
high-temperature reducing gas by absorbing them 
using an absorbent having metal oxides as main 
components, the steps of: 

regenerating the absorbent which has absorbed the 
sulfur compounds using a gas containing oxygen; 
subsequently reducing the regenerated absorbent 
using the high-temperature reducing gas until the 
concentration of the reducing high-temperature gas 
becomes . constant before and after passing the 
absorbent; and 

removing sulfur compounds by letting the high-tem- 
perature reducing gas pass through the absorbent; 
in order to stabilized the concentration of the 
reducing gases present in the purified gas (Ja- 
panese Patent Application No.8541 2/1985). 

The inventors of the present invention also 
proposed another method for purifying a high-tem- 
perature reducing gas which is characterized in that; 
in a method for purifying a high-temperature reduc- 
ing gas which continuously repeats the steps of 
absorbing and removing sulfur compounds such as 
H 2 S and COS present in the high-temperature 
reducing gas with an absorbent filled in reactors by 
repeating the steps of regenerating the absorbent 
and absorbing and removing sulfur compounds with 
the absorbent after reducing the regenerated ab- 
sorbent until the concentration of the reducing gas 
at the inlet and outlet of the absorbent layers, 
said method uses at least three towers of reactors 
filled with an absorbent and said steps consist of the 
four steps of absorption, preliminary regeneration, 
regeneration and reduction; 

th performance of the absorption and regeneration 
steps is stabilized by absorbing and removing sulfur 
compounds from the high-temperature reducing gas 
which is passed through the absorb nt (Japanese 
Patent Application No. 167814/1 987). 



2 



3 



EP 0 328 479 A2 



4 



In a method for absorbing and removing sulfur 
compounds such as H2S and COS present in a 
high-temperature reducing gas, the inventors of the 
present invention also proposed a m thod for 
purifying a high-temperature reducing gas which is 
characterized in that: 

said method comprises the four steps of an 
absorption and removal step for removing the sulfur 
compounds, a preliminary regeneration step for 
heating the absorbent having absorbed the sulfur 
compounds up to a temperature required by 
regeneration reactions, a regeneration step for 
regenerating the absorbent which has reached the 
temperature required by regeneration reactions 
using a gas containing oxygen, and a reduction step 
for reducing the regenerated absorbent using the. 
high-temperature reducing gas until the concentra- 
tion of the reducing gas becomes constant before 
and after passing through the absorbent; and 
when the toad is low the absorption and regener- 
ation performance is stabilized by controlling the 
amount of the gas circulated into said regeneration 
step or by controlling the amount of the reducing 
gas circulated and using the heat of combustion of 
the high-temperature reducing gas supplied into 
said regeneration step (Japanese Patent Application 
No. 167815/1987). 

The temperature of the gas being treated is 
normally 300 to 500° C during an absorption step. 
During a regeneration step, the temperature 
becomes as high as 500 to 900° C because of the 
heat generated by the reaction of the Equation (5) 
between oxygen (O2) in the gas for regeneration and 
iron sulfide in the absorbent. The absorbent is thus 
heated to an abnormally high temperature because it 
tends to accumulate heat and may be damaged due 
to the heat. Therefore, a regeneration system which 
can dissipate or moderate the heat accumulated in 
the absorbent has been sought after. 

In the case of a fixed bed system, the concentra- 
tion of O2 at the inlet of a regeneration reactor is 
normally 1 to 3 volume 0/0. if the O2 concentration is 
raised the amount of the circulating regeneration 
gas may be reduced inversely proportional to the O2 
concentration. Therefore, the equipment in the 
regeneration system and the consumption of elec- 
tric power become more economical. On the other 
hand, however, if the concentration becomes higher 
than a "certain value the undesired effect for the 
absorbent described above takes place. Therefore, 
it is not possible to obtain an economical and 
effective method just by controlling the concentra- 
tion of O2 at the inlet of a regeneration reactor. A 
method for purifying a high-temperature reducing 
gas is required in which a stable absorption and 
regeneration performance is achieved, and which 
has a tower switching system which minimizes the 
load fluctuation of a sulfur recovery system in the 
downstream. 

3. OBJECT AND SUMMARY OF THE INVENTION 

It is an object of the present invention to provide a 
method to be used in a system in which each of 
absorption, regeneration and reduction steps is 
carried out at each tower for resolving the draw- 



backs of the methods for purifying a high-tempera- 
ture reducing gas described above. More specifi- 
cally, the present invention provides a method for 
moderating the effect of abnormal accumulation in 

5 an absorbent of heat generated by regeneration 
reactions at a regeneration step, and for making the 
life of the absorbent longer, and for stabilizing the 
absorption and regeneration performance. 

That is, the present invention is a method for 

10 purifying a high-temperature reducing gas which is 
characterized in that: 

in a method for absorbing and removing sulfur 
compounds such as hydrogen sulfide and carbonyl 
sulfide present in a high-temperature reducing gas 

15 using an absorbent, 

said method uses at least four towers of reactors 
filled with an absorbent and comprises the four 
steps of an absorption step for absorbing and 
removing sulfur compounds with an absorbent, a 

20 regeneration step for regenerating the absorbent 
using a gas containing oxygen, a cooling step after 
the regeneration step, and a reduction step for 
reducing the regenerated and cooled absorbent with 
the high-temperature reducing gas until the concen- 

25 tration of the reducing gas becomes uniform before 
and after passing through the absorbent; 
heat is continuously recovered from the high-tem- 
perature gas at the outlet of the regeneration reactor 
in said regeneration step; and 

30 the regeneration and absorption performance is 
stabilized. 

When the absorbent is regenerated after absorp- 
tion to make it ready again for the absorption of 
sulfur compounds, the following reactions (6) to (9)^ 
35 which produce sulfates tend to occur as the reaction 
temperature becomes lower. If these sulfates remain 
in the absorbent clogging its fine pores, they cannot 
be completely removed even by regeneration at a 
high temperature, damaging the performance of the 
40 absorbent. 

FeS -h 20 2 — FeS0 4 (6) 
2FeS + SO2 + 50 2 Fe 2 (S04)3 (7) , 
2Fe 2 0 3 + 4S0 2 + O2 — 4FeS0 4 (8) 
2Fe 2 0 3 4- 6SO2 + 30 2 — 2Fe 2 (S0 4 )3 (9) 
45 - Therefore, the reaction temperature at the re- 
generation step has to be high to a certain degree in 
order to avoid the production of the above sulfates 
as by-products. However, if the temperature is 
raised unnecessarily the absorbent is destroyed. It is 
50 thus necessary and important to choose the re- 
generation temperature and the O2 concentration of 
a gas used for regeneration carefully and improve 
the regeneration system. 

In a continuous desulfurization and regeneration 
55 . system comprising absorption and regeneration and 
reduction, various patterns of switching towers can 
be considered depending on the number of reac- 
tors, and the regeneration system is also different 
Previously, it has been common to regenerate a 
60 reactor which has finished the absorption step 
independently of the other reactors. In that case, the 
gas temperatur becomes higher near the outlet of 
the reactor, where the environment is therefore 
harsh for the absorbent, due to heat transfer and the 
65 accumulation of h at in the absorbent. Although a 
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divided -^generation operation can be considered in 
which the gas is introduced into a reactor at the 
middl section of th reactor, it is difficult to employ 
such maneuvering if there is only one tower used as 
a r generation reactor. That is, as the regeneration 
of the absorbent proceeds, the gas at the outlet of 
the reactor come to contain O2 gas. This O2 gas has 
to be prevented from mixing into a SO2 reduction 
reactor that is subsequent to regeneration. There- 
fore, the management of the regeneration reactor 
during regeneration and the timing system for 
switching all the towers including the ones for 
reduction and absorption become very complicated, 
and the whole idea appears to be impractical. 

The present invention resolves the technical 
problems described above by providing two towers 
of regeneration reactors. 

The present invention can advantageously moder- 
ate the heat accumulation in the absorbent, make 
th life of an absorbent longer, and control the 
generation of SO2 gas in a regeneration reactor. 

The method of the present invention uses at least 
four towers of reactors filled with an absorbent, and 
requires each of absorption, regeneration, cooling 
and reduction steps to be carried out with a cycle of, 
for example. 4, 6. 2 and 4 units of times for each 
respective step. This method is characterized in that 
two towers of regeneration reactors are provided so 
that white the cooling step is carried out in one 
tow r, the regeneration step can be carried out in 
the other, and also the regeneration step can be 
carried out simultaneously in the two towers a 
certain period of time during the operation. 

That Is, a gas containing O2 is introduced into the 
"reactor" even during "the cooling ~ step after the 
regeneration has been completed in order to ensure 
the complete regeneration of the absorbent which 
finished the absorption step. However, since O2 gas 
is not necessary for the part of the absorbent which 
has been sufficiently regenerated, an unreacted 
portion of the O2 gas comes out of an outlet of the 
regeneration reactor. In order to prevent this O2 gas 
from mixing into the gas in the sulfur recovery 
system, this gas containing O2 is introduced to the 
middle section of the other regeneration reactor. 

The gas from an outlet of the reactor in the cooling 
step which finished the regeneration is thus intro- 
duced to the middle section of the other regener- 
ation reactor. To an inlet of the other regeneration 
reactor, the gas for regeneration has been supplied 
prior to this introduction. Therefore, there exists a 
certain period of time during which the gas from the 
outlet of the reactor in the cooling step and the gas 
for regeneration are simultaneously supplied into 
this regeneration reactor. The regeneration pro- 
ceeds following the series of operations as de-* 
scribed above. 

Since the temperature of the gas introduced to 
the middle section of the regeneration reactor from 
the outlet of the reactor which is undergoing the 
cooling step after the r generation is finish d in this 
reactor. Thus, by using a divided regeneration 
method in part an abnormal temperature rise in the 
absorbent can be avoided, and the absorbent may 
be protected from damag . 



Also, according to the above method, since heat 
is effectively and continuously recovered from the 
high-temperature gas from the outlet of the regener- 
ation reactor and the heat balance of the entire 
5 system of absorption and regeneration can be 
maintained, the regeneration and absorption perfor- 
mances become stabilized. 

In this method for reducing deterioration due to 
heat, as described above, and by regenerating two 
10 towers of reactors simultaneously, and by providing 
a cooling step during which the absorbent is cooled 
with a gas supplied even after one tower has finished 
the regeneration step, by introducing the gas 
obtained from the cooling step to the middle section 
15 of the other regeneration reactor, and by thus partly 
carrying out the series operation with two towers of 
regeneration reactors, the temperature of the ab- 
sorbent can become very high due to the abrupt 
exothermic reactions at the beginning pf the 
20 regeneration step when introduction in parallel of O2 
gas to the two towers of regeneration reactors is 
started. Therefore, the operation of the regeneration 
step has to be done very carefully. 

Also, in the regeneration step, as explained above, 
25 besides the reaction of Equation (5), the following 
reactions (7) and (9), for example, can take place in 
some cases, and part of FeS is converted to iron 
sulfate {Fe 2 (S0 4 )3}- 

2FeS + SO2 -t-50 2 -* Fe 2 (S0 4 )3 (7) 
30 2Fe 2 0 3 + 6SO2 +30 2 — 2Fe 2 (S0 4 ) 3 (9) 

This by-product Fe2 (S0 4 )3 is reduced again to 

SO2 in the subsequent reduction step according to 

the reactions (10) and (11) or the like. 

3Fe 2 (S0 4 )3 + 10H 2 2Fe 3 0 4 + 9S0 2 

35 -MOH2O (10) 

3Fe 2 (S0 4 ) 3 4- 10CO 2Fe 3 0 4 + 9S0 2 

+ IOCO2 * (11) 
When this used reducing gas containing SO2 is 

returned to the absorption reactor, SO2 is absorbed 
40 by the absorbent to become FeS following, for 

example, the reactions below, (12) and (13), in this 

absorption reactor. 

Fe 3 0 4 + 3S0 2 -MOH2 — 3FeS + IOH2O (12) 
Fe 3 0 4 + 3S02 +10CO — ► 3FeS + 10CO 2 (13) 

45 Fe 3 0 4 reacting in Equations (12) and (13) should 
instead be used in the absorption of H2S in 
Equations (3) and (4) and represents a loss of Fe 3 0 4 
useful in absorbing H 2 S, reducing the absorption 
capability. . . • - 

50 Also, H2 and CO reacting in Equations (12) and 
(13) should originally be a raw material for unpurified 
gas produced by gasification and are a cause of 
energy losses. 

Therefore, the by-product reactions of Fe2(S0 4 ) 3 

55 such as those in Equations (7) and (9), in particular, 
should be inhibited as much as possible. 

To this end, the regeneration should be carried 
out at a temperature as high as possible within the 
higher limit of the temperature at which an absorb- 

60 ent can withstand, and it is necessary that the 
concentration of SO2 is r due d as much as 
possible. 

As a gas for regenerating the absorbent, a gas 
processed in the sulfur collection system into which 
65 the air or a gas containing oxygen is mixed can be 
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used. Therefore, the efficiency of sulfur collection in 
the sulfur collection system should be improved, and 
the sulfur components (SO2, H2S, gaseous sulfur 
and the like) should be reduced to a minimum in 
order to control the occurrence of by-product 
reactions of Fe2(SCU)3. 

It is also an object of the present invention to 
resolve the problems such as a rise in the absorbent 
temperature during the regeneration, a reduction of 
the absorption capability of an absorbent caused by 
by-product reactions, and an energy loss associated 
with H2 and CO in an unpurified gas produced by 
gasification. 

The present invention achieves the above object 
by using at least four towers of reactors filled with an 
absorbent, by providing a new preliminary regener- 
ation step prior to a regeneration step, by connect- 
ing these two steps in series to carry out regener- 
ation, and by supplying a used reducing gas to a 
sulfur collection system on the downstream side 
which used to be returned to the inlet of the 
absorption reactor. 

In a method for absorbing and removing sulfur 
compounds present in a high-temperature reducing 
gas with an absorbent, the present invention relates 
to a method for purifying a high-temperature 
reducing gas which is characterized in that: 
said method uses at least four towers filled with an 
absorbent; 

said method comprises the following five steps, an 
absorption step for absorbing and removing said 
sulfur compounds with an absorbent, preliminary 
regeneration and regeneration steps for regenera- 
ting the absorbent, a cooling step which takes place 
after said regeneration step is completed, and a 
reduction step for reducing the regenerated absorb- 
ent until the concentration of the reducing gas 
becomes the same on the upstream and down- 
stream sides of the absorbent; 
said regeneration and preliminary regeneration 
steps are connected in series to each other, and a 
line is disposed for mixing a high-temperature gas 
from an outlet of said regeneration step with a gas 
from the outlet of said preliminary regeneration step 
in order to continuously recycle heat of regeneration 
reactions even when the regeneration step is being 
switched; and 

elemental sulfur is recovered by feeding a gas 
containing SO2 and generated in said preliminary 
regeneration, regeneration and reduction steps to a 
sulfur recovery system. 

As mentioned above, an abrupt temperature rise 
may occur because of exothermic reactions if a gas 
containing O2 is supplied to a reactor and the 
regeneration step is started immediately after the 
absorption step is completed. 

In order to moderate these exothermic reactions, 
the following operations are carried out. 

The absorption, preliminary regeneration, re- 
generation and cooling steps are carried out in any 
of the four towers of reactors at all times. The 
reactor which finished the absorption step is 
switched to the subsequent preliminary regener- 
ation step. A gas supplied to the preliminary 
regeneration stf*n is mostly a gas that passed 
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through the regeneration reactor. At the beginning 
of the regeneration step, the concentration of O2 in a 
gas from an outlet of the regeneration reactor is low 
and becomes higher as the regeneration pro- 
5 gresses. Therefore, at the beginning of the prelimi- 
nary regeneration step the concentration of O2 is 
relatively low in the gas and becomes higher 
following the progress of the preliminary regener- 
ation. 

10 The regeneration is thus started at a lower 
concentration of O2 This is beneficial for the 
absorbent because the regeneration is soft on the 
absorbent. 

Also, because a gas that has passed through the 
15 regeneration step is used, if the temperature of the 
gas at an regeneration inlet of the preliminary 
regeneration step is high a cool gas containing O2 
whose temperature is about 150 to 300° C can be 
supplied to an inlet line of the preliminary regener- 
20 ation reactor for controlling temperature. 

Next, after a certain period of time has elapsed, 
the preliminary regeneration step is switched to the 
regeneration step. When a gas for regeneration 
containing a desired concentration of O2 (1 to 3 
25 volume 0/0) is supplied to the regeneration reactor, 
no abrupt temperature rise ensues because re- 
generation has already started in part of the 
absorbent during the preliminary regeneration step. 
Also, if the absorbent is expected to be exposed 
30 to a temperature which is beyond the high tempera- 
ture limit for the absorbent, a cool gas containing no 
O2 whose temperature is about 150 to 300° C can be 
supplied to protect such part of the absorbent from 

overheating. - 

35 That is, by feeding a cool gas containing no O2 
whose temperature is approximately 150 to 300° C 
and which has already passed through the sulfur 
recovery system to the relatively hot part of the 
absorbent filled in the reactor and divided in several 
40 layers, and by controlling the amount of the gas fed, 
the temperature inside the absorbent may be held 
less than a given value (for example, 800°C), and 
therefore the life of the absorbent is extended. 
Furthermore, since the preliminary regeneration 
45 and regeneration steps are carried out in series 
when regenerating the absorbent in the present 
invention, the leakage of a gas containing O2 into the 
sulfur recovery system on the downstream side, 
which is often a problem for a regeneration system 
50 having two towers in parallel, may be prevented 
advantageously compared to such two tower sys- 
tems. . . 

.In the case of a regeneration system which has 
two towers in parallel, rigorous controlling is re- 
55 quired because O2 gas tends to appear in an outlet 
gas as the regeneration progresses. In the present 
invention, on the other hand, since two towers are 
always in series operation, O2 gas present in the 
outlet gas from the cooling step after the regener- 
60 ation step is completed is used in the preliminary 
regeneration step, and any oxygen (O2) may be 
eliminated from the gas to be supplied to the sulfur 
recovery system on the downstream side. 

Also, in terms of heat exchange, the present 
65 invention is better than conventional methods. 
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After the absorption step is finished and right after 
switching to the preliminary regeneration step, the 
lowest point during regeneration is marked by the 
temperature of the inlet gas on the high-temperature 
side of a heat exchanger placed on th upstream 
side of the sulfur recovery system. Since the heat of 
the inlet gas on the high-temperature side of this 
heat exchanger is used to maintain the temperature 
(about 400 to 500° C) of the inlet gas for regener- 
ation, the temperature of the inlet gas of the heat 
exchanger has to be maintained above a certain 
temperature (about 450 to 550° C) and should be 
held stable. 

Therefore, a high-temperature gas from an outlet 
of the regeneration reactor is mixed into an outlet 
gas from the preliminary regeneration reactor with a 
control valve, and the temperature of the inlet gas on 
the high-temperature side of the heat exchanger 
may be maintained at a given temperature. 

Depending how far the preliminary regeneration 
and regeneration steps have progressed, the outlet 
gas temperature at each step varies. By controlling 
the amount of a high-temperature gas from an outlet 
of the regeneration step supplied to an' outlet line of 
the preliminary regeneration step, however, the 
temperature of the inlet gas on the high-temperature 
side of the heat exchanger can be maintained to be 
constant, and thus the temperature of the inlet gas 
to the regeneration reactor may be easily maintained 
at a given temperature (about 400 to 500° C) at ail 
times. 

Subsequently, after the regeneration step is 
completed, it is switched to the cooling step. During 
the regeneration step , while Fe S in the absorbent is 
mostly converted to Fe203 part of it reacts with SO2 
gas present in a gas for regeneration to produce 
by-product iron sulfide {Fe2(S04)3}. This Fe2(S04)3 
decomposes in the reduction step to generate 
gaseous SO2. Therefore, the gas containing SO2 
after reduction treatment is supplied, together with 
the gas which has been treated in the preliminary 
regeneration step, to the sulfur recovery system on 
the downstream side and treated there. 

Although the flow of gas in the reduction step can 
be a forward flow with respect to the flow in the 
absorption step, this flow should in fact be made 
counter to the flow in the absorption step in order to 
avoid the decomposition of Fe2(S04>3 into SO2. 

Furthermore, because the absorbent is sulfurized 
from the top side of the absorbent in the gas flow 
during the absorption step, the sulfurization ratio 
(the ratio of Fe turned to FeS) of the absorbent 
should be maintained about 10 to 50% in order to 
hold the concentration of sulfur compounds in the 
outlet ' gas below a certain value (for example. 
100ppm). "■• >. - 

In addition, the part of the absorbent sulfurized 
partly becomes iron sulfide {Fe2(S04)3}, and SO2 is 
produced by its decomposition. Therefore, in order 
also to prevent this SO2 from being reabsorbed in an 
iron sulfide zone according to the reactions in 
Equations (12) and (13), a counter flow reduction 
method is preferred in which the gas for reduction is 
supplied at a downstream position from the iron 
sulfide zone and let flow in a zone where a relatively 



high concentration of Fe2(S04)3 is found. 

The gas cooled down to a given temperature in the 
heat exchanger on the upstream side of the sulfur 
recovery system is supplied to the sulfur recovery 
5 system. After sulfur is collected from it, the gas is 
circulated to be used as a gas for regeneration. 

Thus, as explained above, the present invention 
can protect the absorbent, stabilize the absorption 
and regeneration performance and is an improve- 
rs ment, in these respects and otherwise, over conven- 
tional methods. 

4. BRIEF DESCRIPTION OF THE DRAWINGS 

15 FIG.1 shows flows in an embodiment of the 

present invention; 

FIG.2 shows a time schedule of the absorp- 
tion and regeneration cycle in an embodiment 
of the present invention; 

20 FIG.3 shows an example of variation of the 

temperature of an outlet gas from a regener- 
ation reactor as a function of time ; 

FIG.4 shows flows in another embodiment of 
the present invention ;.and 

25 FIG. 5 shows a time schedule of the absorp- 

tion and regeneration cycle in an embodiment 
of the present invention. 

5. DETAILED DESCRIPTION OF PREFERRED 
30 EMBODIMENTS 

FIG.1 shows an embodiment of the present 
invention. 

In FIG. 1, 1 and 2 indicate high-temperature gas 
lines for a high-temperature gas containing sulfur 

35 compounds such as H2S and COS and removed of 
dust, and 3, 4, 5, 6, 7, 8, 10, 12 and 14 indicate flow 
switching valves for this gas. 9,11,13 and 1 5 indicate 
switching valves for a gas containing concentrated 
sulfur compounds from reactors in the regeneration 

40 step. 

16, 17, 18 and 19 are reactors filled with an 
absorbent, and 20 is the absorbent. 

21, 22, 23 and 24 denote flow switching valves for 
supplying an outlet gas from the reactors in the 

45 cooling step mixed with part of a circulating gas of 
relatively low temperature to the middle section of 
the reactors which are in the regeneration step. 

25, 26, 27 and 28 indicate flow switching valves for 
supplying an outlet gas frorn the reactors in. the 

50 reduction step to the middle section of the reactors 
in the absorption step. . ---- :-z 

29, 32, 35 and 38 denote flow switching valves for 
an outlet gas from the reactors in the reduction step, 
30, 33, 36 and 39 indicate flow switching valves for a . 

55 purified gas from the reactors in the absorption step, 
and 31, 34, 37 and 40 denote flow switching valves 
for supplying a regeneration gas to the reactors in 
the regeneration step. 

41 denotes a circulation line for the regeneration 

60 gas, 42 a product line for taking out the purified gas, 
43 a flow switching valve for a reducing gas, 44 a 
reducing gas line, 45 a branch line from a line 50 
described below, 46 a flow switching valve for the 
branch line, and 47 a supply line for the air or a gas 

65 containing oxygen. 
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48 indicates a heat exchanger, 49 a branch line 
from a line 50 explained next, 50 a gas line for the 
residual gas after sulfur is removed from a gas 
containing a high concentration of sulfur com- 
pounds, 51 a branch line of the line 50, 52 a gas line 
for a cooled gas containing a high concentration of 
sulfur compounds, 53 a sulfur recovery device, 54 a 
heat exchanger, 55 a gas line, 56 a heat exchanger, 
57 a sulfur separation device, 58 and 59 gas lines, 
and 60 a blower. 

*1, *2 and *3 denote lines corresponding to the 
line 51. 

FIG.1 shows an embodiment of the present 
invention in which the reactors 16-19 with an 
identical structure filled with the absorbent 20 are 
switched, in turn, in the succession of the reduction 
step according to Equations (1) and (2), the 
absorption step according to Equations (3) and (4), 
and the regeneration step according to Equation (5). 

The present invention is not restricted to the fixed 
bed type and can be applied to thefluidized bed type 
or to the moving bed type if a system in question 
uses a process in which the regeneration according 
to Equation (5) after the absorption and removal of 
sulfur compounds such as H2S and COS with an 
absorbent is repeated. Also, the present invention 
can of course be used for the fixed bed type with 
more than four towers. Furthermore, although the 
composition and shape of the absorbent used are by 
no means restricted,' Fe203 will be used for the 
absorbent here only to show an example. 

A high-temperature reducing gas 1 produced, for 
example, by the gasification of coa! is treated in a 
dust collector (not shown) to get rid of dust until the 
concentration of dust is about iOmg/Nm 3 . The 
reducing gas contains, depending on gasification 
conditions and the kind of coal used, several 
hundreds to several thousands ppm of H2S, COS, 
NH3 and halogen compounds besides dust, its 
temperature is about 250 to 500° C because of heat 
recycling at the outlet of a gasification furnace 
(gasifier), and its pressure is between the atmos- 
pheric pressure and about 25kg/cm 2 G depending 
on the type of a gasification furnace employed. 

FIG.1 shows the system at the moment when the 
absorption step is carried out in the reactor 16, the 
reduction step in the reactor 17, and the regener- 
ation step in the reactors 18 and 19. 

FIG.2 is to show a time schedule of a cycle of the 
absorption, regeneration, cooling and reduction 
steps in an embodiment of the present invention. 
FIG.3 shows an example of the time variation of gas 
temperature at the outlet of the reactor in the 
regeneration step when the temperature of the inlet 
gas is held at 450° C. 

In FIG. 1, a gas 1 "produced in a gasification 
process and treated for the removal dust is supplied 
to the reactor 16 through the switching valve 4. The 
sulfur compounds present in the gas absorbed and 
removed by the absorbent 20 according to Equa- 
tions (3) and (4) normally at about 300-500° C. The 
gas thus purified is supplied, as a product gas 42, to 
a gas turbin in the downstream through a switching 
valv 30. 

In the time schedule shown in FIG. 2, the reactor 
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18 is assumed, to show an example for the 
discussion below, to start its regeneration step four 
hours before the regeneration step of the reactor 19. 
The reactor 19, which completed the absorption 
5 step, will begin the regeneration step. The air or a 
gas containing oxygen is supplied to the line 50 from 
the line 47 and, through the line 49 and the heat 
exchanger 48 and the line 41, fed to the reactor 19 
via the switching valve 40. At this point of time the air 
10 or an oxygen-containing gas has already been 
supplied to the reactor 18 through the same route as 
above and through the switching valve 37. 

Through the switching valves 13 and 15 and the 
heat exchanger 48 and the line 52, the gas used for 
15 the regeneration of the absorbent is led to the SO2 
reduction and sulfur recovery device 53, and then it 
is led to the sulfur separation device 57 through the 
heat exchanger 54 and the line 55 and the heat 
exchanger 56, and finally sulfur is discharged from a 
20 line 64. 

Also, the gas from which sulfur has been 
separated is led into the line 50 through a route of 
the lines 58 and 59 and the blower 60. It is then mixed 
with the air or an oxygen-containing gas from the line 
25 47 and heated in the heat exchanger 48 up to a 
temperature required for regeneration reactions via 
the lines 50 and 49, and it is finally returned to the 
circulation gas line 41. 
The gas returned to the line 41 is led, through the 
30 switching valves 37 and 40, to the reactors 1 8 and 1 9, 
which are in the regeneration step. After contribut- 
ing to the promotion of regeneration reactions, the 
gas becomes part of the circulating gas via switch- 
ing valves 13 and 15 as explained above. 
35 If the cycle of continuous desulfurization and 
regeneration is carried out according to the time 
schedule shown in FIG. 2, the reactor 18 is supplied 
with gases for 8 hours through the flow route 
described above and finishes the regeneration of the 
40 absorbent. Of this 8 hours, the regeneration is 
almost completed in the initial 6 hours, and during 
the remaining two hours the regeneration is brought 
further to completion and the absorbent is cooled. 
The outlet gas from the cooling step in the reactor 
45 18 has a higher temperature than the inlet gas 
temperature of the reactor. Part of the circulating 
regeneration gas from the blower 60 whose tem- 
perature is relatively low (200-300° C) is therefore 
mixed into this gas through the lines 50 and 51 . After 
50 the temperature of this gas is cooled down approxi- 
mately to the temperature of the inlet gas of the 
reactors 18 and 19, the gas is fed to the middle 
section of the reactor 19 via switching valve 24. 
To the middle section of the reactor 19 the 
55 regeneration gas has been supplied through the 
switching valve 40 for two hours prior to the 
introduction of a cooling gas to the reactor 18 as 
above. The reactor 19 is regenerated with the same 
operations as in the case of the rector 1 8. That is, the 
60 gas from the line 41 is supplied through the 
switching valve 40 for 8 hours. Two hours after the 
beginning of the supply to th reactor 1 9, the gas for 
th cooling step in the reactor 18 is supplied via the 
flow switching valve 24 for two hours. 
65 In the regeneration step, although the gas is 
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supplied for 8 hours to the inlet of the reactor 19, 
during final two *ours the reactor undergoes the 
cooling step for cooling the reactor as described 
above. In this cooling step, the gas whose tempera- 
ture is about the same as the relatively low 
temperature of the reactor inlet, flowing from the line 
50 to the line 49, is led to the middle section of the 
reactor 16 from the line *1 through the flow 
switching valve 21. At this point of time, the reactor 
16 has already been in the regeneration step for two 
hours. Thus, a series of regeneration and cooling 
steps are completed. 

FIG.3 shows the temperature of an outlet gas of 
the reactor in the regeneration step as a function of 
time as an example. 

When operating the reactors independently of 
each other the temperature of the outlet gas at the 
beginning of the regeneration step is about the same 
as the temperature A of the inlet gas. As the 
regeneration progresses exothermic reactions bet- 
ween iron sulfide and oxygen and ensuing heat 
transfer bring the outlet gas temperature up to the 
temperature B. In this case the temperature dif- 
ference between A and B is about 200° C. 

In the method of the present invention, on the 
other hand, since two towers of the reactors in the 
regeneration step are operated in series, the 
temperature of the outlet gas shows the following 
variation in time. 

At the reactor 19 in the regeneration step, the 
outlet gas temperature varies from D to E. At the 
point D where the reactor 19 starts the regeneration, 
the reactor 18 has been in the regeneration step for 
four hours and the temperature of t he o utlet gas 
from the reactor 18 has reached the point d. 
Therefore, a mixture of the outlet gases from the 
reactors 19 and 18 is fed to an inlet on the 
high-temperature side of the heat exchanger 48. The 
inlet gas temperature at the heat exchanger 48 
shows the averaged temperature e between d and D. 

As the regeneration in the reactors . 18 and 19 
progresses, the outlet gas temperature of each 
reactor increases and the inlet gas temperature of 
the high-temperature side of the heat exchanger 48 
goes up. At the point B at which the regeneration in 
the reactor 18 is completed the highest temperature 
f is reached. Since the reactor 18 is switched to the 
cooling step and the cooled gas is fed in the middle, 
section of the reactor 19, as the reactor 18 starts the 
cooling step the outlet. gas temperature of the 
reactor 19 immediately becomes the temperature g. 
This outlet gas from the reactor 19 enters the heat 
exchanger 48 without mixing with other gases. Then, 
as the regeneration in the reactor 19 proceeds, the 
outlet gas temperature increases from g to h, and 
the gas enters the heat exchanger at this tempera- * 
ture. At the point when the outlet gas of the reactor 
19 shows the temperature h, since the reactor 16 
starts the regeneration, the inlet gas temperatur on 
th high-temperatur side of the h at exchanger 48 
shows the average temperature i betwe n h and G. 

As the procedure described above is r peated. 
the inlet gas temperature on the high-temperature 
side of the heat exchanger 48 varies as i-j-k-l. 

As shown in FIG .3 and explained above, in the 



method of the present invention the fluctuation of 
the inlet gas temperature on the hinh-temperature 
side of the heat exchanger 48 is only about 120°C 
and is much less than the case in which the reactor 
5 towers are operated independently of each other, 
and thus a stable operation becomes possible. 

Furthermore, because two towers of the regener- 
ating reactors are operated partly in series, the 
absorbent can be regenerated to the fullest extent, 
10 and we may safely prevent O2 gas present in the 
outlet gas of the reactor already regenerated from 
entering the sulfur recovery, system on the down- 
stream side. The merits of these improvements are 
quite significant. 
15 SO2 gas generated in the reaction according to 
Equation (5) is removed in the next reduction step. 
While as a method of removing SO2 the following can 
be considered: a method by an independent SO2 
reduction reaction, a method of collecting and 
20 removing sulfur as elemental sulfur by a combination 
of a SO2 reduction reaction and the Claus reaction, 
and a wet method of collecting and removing sulfur 
as gypsum by reactions with coal can be con- 
sidered; the present invention is not restricted to 
25 any specific method. 

Here, we use, as an example, a method of 
removing and collecting sulfur as elemental sulfur by 
a combination of the reduction reactions according 
to Equations (14) to (17) below and the Claus 
30 reaction of Equation (18) and the hydrolysis of 
Equation (19). 

SOa + 3H2 — H2S + 2H 2 0 (14) 
SO2 + 3CO — COS + 2C0 2 (15) 

2SQ2_+ 4Ha--* S 2 -f 4H 2 0 (16) 

35 2S0 2 + 4CO S 2 + 4C0 2 (17) 

2H 2 0 + S0 2 -H>(3/x)S x + 2H 2 0 (x=2-8) (18) 
COS + H2O H 2 S H- CO2 (19) 

Part of the gas produced by gasification and 
cleaned of dust can be used as the reducing gas 
40 required in SO2 reduction reactions. This gas is 
supplied to the SO2 reduction and sulfur recovery 
device 53 through the line 2 and the switching valve 
3. 

At this device SO2 gas present in the line 52 after 
45 the regeneration step is turned into H2S, COS and 
elemental sulfur according to Equations (14)-(17). 
Also, the reactions of Equations (18) and (19) are 
carried out, then the gas is cooled down to 
130-250° C by the heat exchangers 54 and 56, and 
50 elemental sulfur 64 is collected and removed. 

Thus, the treated gas from which most of SO2 gas 
originally present has been removed is led to the line 
58. It should of course be better if the reducing gas 
used here is the purified gasification gas in the line 
55 42. 

Part of the gas in the line 50 at the outlet of the 
blower 60 branches into the line 45 and is supplied to 
the reactor in the absorption step through the line 1 
while taking the amount of reducing gas in the line 2, 

60 the amount of the air or an oxygen-containing gas 
supplied and the amount f elemental sulfur 64 
r moved and collected into consideration. 

That is, since a gas in the line 59 from which S0 2 is 
removed in the SO2 reduction and sulfur collection 

65 steps still contains some small amount of unreacted 



8 



15 



EP 0 328 479 A2 



16 



SO2, H2S, COS and gaseous sulfur, the gas is 
supplied to the reactor 16 in the absorption step 
from the line 45 through the switching valve 46 in 
order to maintain both a balance within the system 
and the progress of gas purification at the same 
time. 

Also, in terms of heat balance, as seen from 
FIG. 3, at the beginning of the regeneration step the 
outlet gas mixture from the two towers of the 
reactors in the regeneration step marks the lowest 
temperature during the regeneration cycle, but it is 
still as high as about 550° C. Therefore the tempera- 
ture is held to be higher than a certain temperature 
(for example, 300° C) required for reduction reac- 
tions, and heat balance In the regenerating system 
can be well maintained when gas flow is switched. 

If the amount of high-temperature reducing gas 
flowing in the line 1 decreases when the load is low, 
or if low sulfur coal is used, it gradually becomes 
more difficult to balance the incoming and outgoing 
flows of heat at the regenerating system as the 
amount of FeS generated by the absorption reac- 
tions of Equations (3) and (4) in the absorbent 
becomes less than normal and the heat of the 
regeneration reactions decreases. If keeping the 
balance between the incoming and outgoing heat at 
the regenerating system becomes difficult as the 
load becomes less than a certain value (for example, 
less than 50o/o), a method of partly by-passing the 
Claus reaction system may be employed to counter- 
act such situation. In this case, still the reactions for 
generating elemental sulfur partly occur with the 
SO2 reduction system only, and sulfur is produced at 
_a leveLof 50 to 70%, and residual H2S and sulfur 
vapor in the outlet gas from the reduction system 
contribute to the heat in the regenerating system by 
burning at the inlet or on the inside of the 
regenerating system. 

Furthermore, the SO2 reduction system by itself 
(without the Claus reaction system) can serve as a 
sulfur recovery system. With the reduction system 
only, even though the amount of residual H2S and 
sulfur vapor increases slightly, and the amount of the 
air necessary for regeneration increases by about 
10% compared the case in which the Claus reaction 
system is involved because O2 gas is burned and 
consumed, this does not present a significant 
problem with the system. 

To switch the reactor 18, having finished the 
cooling step, to the reduction step, the switching 
valves 13, 24 and 37 are closed and the switching 
valves 12 and 35 are opened so that the gasification 
gas cleaned of dust in the line 1 is introduced. This 
way, the reduction reactions of Equations (1) and (2) 
are started. 

Also, at the beginning of the reduction step, in 
order to treat a small amount of residual SO2 gas in 
the reactor 18 with the device 53, the outlet gas from 
the reactor 18 is led to the middle section of the 
reactor 17, which has entered the absorption step, 
by opening the switching valve 26 and by closing the 
valve 43, after letting the gasification gas flow into 
the line 44 by opening the switching valve 43 for a 
short period of time prior to opening the switching 
valve 26, and after checking if SO2 gas is indeed 



gone. 

For the following reasons, the gas after the 
reduction reactions in the reactor 18 is not, as it is, 
mixed with the purified gas 42 through the switching 

5 valve 36. 

It is because the reactions of Equations (20)-(26) 
below occur and sulfur compounds such as SO2 and 
H2S are generated if the regeneration is incomplete 
because of low temperature inside the reactor 18 

10 caused by operational or control errors in the 
regeneration step or because of sulfate accumu- 
lated in the absorbent 20 caused by the degradation 
of performance as time elapses. 
FeSCU + 2/3H2 -+ 1 /3Fe30 4 + SO2 + 

15 2/3H 2 0 (20) 

Fe 2 (S0 4 )3 + 10/3H 2 2/3Fe 3 0 4 + 3S0 2 + 
10/3H 2 O (21) . 

Fe 2 (S04)3 + IOH2 — 2FeS + SO2 4- 10H 2 O (22) 
FeS0 4 +. 2/3CO 1/3Fe 3 0 4 + S0 2 + 
20 2/3C0 2 (23) 

Fe 2 (S0 4 )3 ■+. 10/3CO 2/3Fe 3 0 4 + 3S0 2 + 
10/3CO2 (24) 

Fe 2 (S0 4 )3 + 10CO — 2FeS + SO2 -h 2H 2 0 (25) 
SO £ 4- 3H 2 — H 2 S + 2H 2 0 (26) 

25 Although most of these sulfur compounds are 
absorbed and removed in the reduction step, part of 
them remain in the gas even after the reduction 
treatment and the concentrations of the sulfur 
compounds may be too high to ignore depending on 

30 the amount of sulfate accumulated in the absorbent 
20. Therefore, the gas after the reduction treatment 
should not be mixed with the purified gas in the line 
42 at the outlet of the absorption step. 
When the reactor is switched to the reduction 

35 step, the temperature of the absorbent in the reactor 
is higher than the temperature of the high-tempera- 
ture reducing gas by about 50 to 300° C because of 
heat accumulation. This does not normally cause any 
ill effects on the perfect performance of the 

40 absorbent. Rather, this is preferred because the 
decomposition of sulfates by the high-temperature 
reducing gas is further promoted according to 
Equations (20)-(26) above as the temperature of the 
absorbent becomes higher when part of the absorb- 

45 ent has not been regenerated sufficiently during the 
regeneration step and sulfates has been produced. 

The stability of absorption and regeneration 
performance is strongly desired and should be 
maintained in practical situations even if the load of 

50 the gasification furnace, - the content . of sulfur 
compounds and the amount of gas (which depends 
on the kind of coal used) being treated fluctuate. 

For example, if the flow rate of the high-tempera- 
ture reducing gas containing sulfur compounds 

55 such as H 2 S and COS decreases, or if low sulfur coal 
is used, the amount of FeS produced by the 
absorption reactions in the absorbent becomes less 
than usual and the load of the regeneration step is 
reduced. Therefore, if the regeneration reactions are 

60 carried out at a normal level of flow rate of the 
circulating gas, the reactions are finished in a short 
period of time and the heat generated by regener- 
ation reduces as the regeneration step progresses. 
Therefore, since the outlet gas temperature and the 
65 temperature inside the reactor in the regeneration 



9 



17 



EP 0 328 479 A2 



18 



step become lower than those at the time of normal 
operation, supplem ntary heat is r quired in order to 
maintain a stable regeneration operation. 

As a method for supplying additional heat, use 
may be considered of the heat of combustion 
between the gasification gas and oxygen by feeding 
the gasification gas in the line 1 containing combus- 
tible gas such as CO and H2 from the outside of the 
system. Such use of the gasification gas consumes, 
however, CO, H2 and the like that will be used on the 
downstream side from the purification process and 
should be avoided from the viewpoint of improving 
the economy of the gas purification system. 

Therefore, in order to maintain a stable and 
continuous operation even if the load is low, the 
circulation of a regeneration gas should be reduced 
and the reaction time for regeneration should be 
extended. 

Although the circulating regeneration gas line at 
the time of low load is the same as when the load is 
normal, the following measure will be taken to 
protect the blower 60. Since the blower normally 
becomes overheated if cooling by a reduced amount 
of gas sucked in is insufficient, the amount of gas 
entering the blower should be constant. Therefore, 
as the amount of the circulating regeneration gas 
decreases, the same amount of gas is more or less 
secured at the blower 60 as in the case of normal 
loading by returning part of the gas in the line 59 
after the collection and removal of sulfur to a point 
before the final sulfur condenser 56 through the 
switching valve 61 and the line 62. 

If enough heat in the regenerating system is not 
obtained by adjusting the amount of the circulating 
r generation gas as above, the high-temperature 
reducing gas can also be supplied to the inlet line 41 
of the reactor in the regeneration step via the 
switching valve 63 so that additional heat is 
generated by combustion reactions of combustible 
gas such as H2 and CO. 

Furthermore, although the absorption and re- 
generation operations are done using flows counter 
to each other (reversed flows) in FIG. 1, these 
operations can also be carried out using flows in the 
same direction. 

According to the method of the present invention, 
at least four towers of reactors filled with an 
absorbent are used, and of these four or more 
towers two are used as regeneration reactors. 
Abnormal accumulation of heat due to the heat of 
regeneration reactions can be moderated by car- 
rying out the regeneration operation partly in series, 
and the life of the absorbent may be extended at the 
same time. Also, fluctuations in the concentration of 
SO2 gas in the regeneration reactors can be 
controlled, and the regeneration may be done 
sufficiently without allowing O2 gas to mix into the 
sulfur recovery system in the downstream. Thus, it 
becomes possible to continuously and stably absorb 
and remove sulfur compounds with an absorbent. 

FIG.4 shows another embodiment of the present 
invention. 

In FIG.4, 101, 102, 104 and 166 indicate a gas line 
for a high-temperature reducing gas which is already 
cleaned of dust and which contains sulfur com- 



pounds such as H2S and COS. 

103, 105, 108, 154, 157, 160 and 163 denote 
switching valves for this gas. 109 to 1.12 denote 
switching valves for the gas containing a relatively 
5 high concentration of sulfur compounds coming out 
of the reactors in the regeneration and reduction 
steps. 117 to 120 indicate switching valves for gas 
flow to let the high-temperature outlet gas of the 
regeneration reactors mix with the outlet gas of the 

10 reactor in the preliminary regeneration step. 

121 to 124 indicate reactors filled with a plurality of 
layers (four layers in this example) of an absorbent 
125; and 134 to 141 denote flow switching valves for 
supplying part of a relatively cool circulating gas 

15 which does not contain oxygen to the third and 
fourth (from the inlet of a regeneration gas) layers in 
the reactors in the regeneration step, 155 158 161 
and 164 indicate flow switching valves for purified 
gas from the reactors in the absorption step; 156, 

20 159, 162 and 165 indicate flow switching valves for 
supplying a regeneration gas to the reactors in the 
regeneration step; and 147, 149, 151 and 153 denote 
flow switching valves for supplying a cool gas 
containing oxygen to the reactors in the preliminary 

25 regeneration step. 

170 indicates a product line for the purified gas; 
182 a circulation line for regeneration gas; and 169 a 
branch line from a gas line 196 which will be 
explained below. 

30 168 indicates a flow switching valve for this gas 
line 196; 171 a supply line for supplying the air or an 
oxygencontaining gas; and 172 its flow switching 
valve. 

167.J.81 ancL.186 denote heat exchangers; 173 

35 and 174 a branch line from the gas line 196; 175 to 
178 branch lines from the gas line 196; 179 and 180 
branch lines from a mixed flow of a gas in the line 1 73 
and the air or an oxygen containing gas from the 
supply line 170; and 183 a cooled gas line which 

40 holds a relatively high concentration of sulfur 
compounds. 

184 indicates a S02 reduction reactor; 188 a sulfur 
condenser; 187, 189, 191, 192, and 195 to 197 gas 
lines; 190 a sulfur mist separator; 193 a blower; 198 a 

45 flow switching valve for by-passing the sulfur 
condenser 188; and 199 and 200 liquid sulfur 
(collected sulfur) lines. 

In FIG.4 an embodiment is shown in which 
reactors 121-125 filled with an absorbent and having 

50 an identical structure are switched from the reduc- 
tion step according to Equations (1) and (2), to the 
absorption step according to Equations (3) and (4), 
and to the regeneration step according to Equation 
(5). The present invention is not restricted to the 

55 fixed bed type, and the f luidized bed and moving bed 
types can also be employed if an entire process 
repeats regeneration according to Equation (5) after 
absorption and removal of sulfur compounds such 
as H2S and COS in a reducing gas with an 

60 absorbent. Also, it can of course be applied to the 
fixed bed type with more than four tow rs. 

Furthermore, although the present invention is by 
no means restricted to any specific composition and 
shape of an absorbent, we will use an absorbent of 

65 Fe203 as an example for explaining. 
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A high-temperature r ducing gas containing sul- 
fur compounds such as H2S and COS in the line 101 
is a gas produced by gasification which has already 
been clean of dust to a dust concentration of about 
10mg/Nm 3 . This reducing gas contains, besides 
dust, about several tens to several thousands ppm 
of H2S, COS, NH3, halogen compounds and the like. 
Its gas temperature is about 250-500° C due to heat 
recycling at the outlet of a gasification furnace, and 
its pressure is normally between the atmospheric 
pressure and 25kg/cm 2 G although it actually de- 
pends on a shape of a gasification furnace. 

FIG.4 shows a situation in which the reactor 121 is 
in the preliminary regeneration step, the reactor 122 
in the absorption step, the reactor 123 in the 
r duction step, and the reactor 124 in the regener- 
ation step. 

FIG.5 shows an example of a time schedule of the 
absorption, preliminary regeneration, regeneration, 
cooling and reduction steps in an embodiment of the 
present invention. 

Here, for the purpose of the following explanation, 
the absorption, preliminary regeneration, regener- 
ation, cooling and reduction steps and the sulfur 
recovery process are assumed to be carried out 
under almost the same pressure as the gasification 
gas cleaned of dust in the line 1 (about the 
atmospheric pressure to 30kg/cm 2 G) for the system 
of FIG.4 under the schedule in FIG.5. 

In FIG. 4, the gasification gas in the line 1 which 
has already been cleaned of dust is supplied to the 
reactor 122 through the flow switching valve 106, 
and the sulfur compounds in the gasification gas is 
-absorbed -and removed by the absorbent 125 
normally at about 300-500° C according to the 
reactions of Equations (3) and (4), and then the gas 
is supplied to a gas turbine (not shown) through the 
switching valve 158 and from the line 170 as a 
purified gas. 

During the preliminary regeneration step, the gas 
which has finished the regeneration step in the 
reactor 124 is led to the reactor 121 through the line 
116, the switching valve 120, the lines 128, 127, 126 
and 130, and the switching valve 146. - _ 

For a certain period of time after switching from 
the absorption step to the preliminary regeneration 
step (or from the preliminary regeneration step to 
the regeneration step), the outlet gas temperature of 
the reactor 121 is not very much different from or is 
slightly higher (by as much as several tens of 
degrees Celsius at the most) than the temperature 
of the gasification gas in the line 101. Therefore, if 
the inlet regeneration gas temperature in the 
regeneration step needs to be equal to or higher 
than the temperature of the gasification gas in the 
line 1, the inlet regeneration gas temperature 
practically cannot be maintained at a given tempera- 
ture (about 400-500° C, for example) only with the 
heat exchanger 181 in the downstream. 

In such a case, in order to maintain the tempera- 
tur of th inlet gas on the high-temperature side at 
a given temperature (about 450-550° C), an n cess- 
ary amount of the high-temperature outlet gas of the 
reactor 124 may be mixed into the gas line 113 
through the switching valve 1 17 and can be led to the 



heat exchanger 181 via the switching valve 109. 

The residual high-temperature outlet gas of the 
reactor 124 is sent through the line 130 and the 
switching valve 146. 

5 To this gas the oxygen-containing cool gas, which 
is sent from the branch line 179 of the gas line 180 
through the switching valve 147, is mixed. Then the 
mixture is led to the reactor 121 to control the 
regeneration inlet gas temperature of the preliminary 

10 regeneration step. 

As a result, the absorbent 125 in the reactor 121 
can be protected from an abrupt temperature rise, 
and a contribution can be made to stabilize the inlet 
gas temperature on the high-temperature side of the 

15 heat exchanger 181. 

As a matter of course, depending on how the 
regeneration step in the reactor 124 and the 
preliminary regeneration step in the reactor 121 
progress, the temperatures of the outlet gases from 

20 the reactors 121 and 124 vary. Therefore, the amount 
of the outlet gas of the reactor 124 which is led to the 
outlet gas from the reactor 121 is controlled in a 
range of about 0-70%, and the temperature of the 
inlet gas on the high-temperature side of the heat 

25 exchanger 1 81 is controlled to be higher than a given 
temperature (500° C, for example). 

The reactor 123 is in the reduction step. The gas 
for reduction is led into the reactor 123 through the 
gas line 166 branched from the gas line 104 and via 

30 the switching valve 160. 

The outlet gas of the reactor 123 containing SO2 
merges with the gas after the preliminary regener- 
ation treatment through the gas line 115 and the 
switching valves 111, and is cooled by the heat 

35 exchanger 181 and led into the sulfur recovery 
system so that a certain type of sulfur is collected. 

Also, the flow rate of the gas 166 for reduction is 
adjusted to about 0.5-5<Yo of that of the gasification 
gas in the line 101. 

40 The gas which has passed through the sulfur 
recovery system is branched into the gas lines 173 
and 174 through the gas line 196. 

The air or an oxygen-containing gas is mixed into 
the gas line 173 through the line 171 and the 

45 switching valve 172, and most of this gas (about 1-3 
volume as oxygen concentration) is sent to the heat 
exchanger 181 from the line 180. Here, after the gas 
is heated up to a given temperature (about 
400-500° C) required for regeneration, the gas is 

50 returned to the reactor 124 through the gas line 182 
and the switching valve 165 to be circulated and 
regenerated. 

As shown in the time schedule in FIG.5, If a cycle 
of continuous absorption and regeneration is 

55 formed, the third and fourth (from the inlet side of 
the regeneration gas) layers of the absorbent 125 
may be exposed to the heat of regeneration 
reactions in some cases. In such cases, the 
following operations will be carried out in order to 

60 cool the respective absorbent in the reactor whose 
temperature goes up In the regeneration step down 
to a t mperature of about 600-800° C. 

That is, the gas in the gas line 196 which has 
passed through the sulfur recovery system is led to 

65 the third and fourth (or, the third or the fourth; from 
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the inlet side of the regeneration gas in any case) 
layers in the reactor 124 through the switching 
vafves 140 and 141 (or through the switching valve 
140 or 141) via the branch line 178 of the gas line 174. 

Since not only this gas does not contain oxygen at 
all, but also its temperature is about 1 50-300° C and 
is considerably lower than the temperature of the 
regeneration inlet gas in the regeneration step, it has 
sufficient cooling power to the third and fourth layers 
of the absorbent 125 in the reactor 124. 

By cooling the high-temperature part of the 
absorbent 125 using this cooling method, damage to 
the carrier of the absorbent 125 and sintering of Fe 
and the like may be avoided for the benefit of 
extending the life of the absorbent very effectively. 

Also, in the preliminary regeneration step, . an 
oxygen containing cool gas is supplied to the reactor 
121 through the branch line 179 of the gas line 180 
and the switching valve 147, and the regeneration 
reactions are partly carried out here. 

Since the O2 concentration of the inlet gas of the 
r actor 121 is only about a quarter to a half 
compared to the inlet gas temperature of the reactor 
124, and the temperature rise due to the heat of 
regeneration reactions can be moderated and the 
absorbent 125 may be protected from the abrupt 
t mperature rise. 

The outlet gas of the reactor 121 is led to the heat 
exchanger 181 via the gas line 113 and the switching 
valve 109, and the reduction treatment (sulfur 
collection) of SO2 in the gas is carried out at the 
sulfur recovery system. 

When the preliminary regeneration step is finished 
at the reactor 121, it is switched to the regeneration 
step. At the same time the reactor 122 is switched to 
the preliminary regeneration step, the reactor 123 to 
the absorption step, and the reactor 124 to the 
reduction step. 

Since the reactor 121 has finished the preliminary 
regeneration step by this time, it can be switched to 
the regeneration step without any abrupt tempera- 
ture rise. . 

The present invention, as described above, em- 
ployes a method of supplying the amount which 
depends on the gas temperature at the moment of 
the high-temperature gas which has gone through 
regeneration reactions to the high-temperature 
outlet gas line of the preliminary regeneration step, 
and the fluctuation of the inlet gas temperature on 
the.high-temperature side of the heat exchanger 181 
can therefore be held small, ensuring stable bper- : 
ation. 

Since the reactors in the regeneration and 
preliminary regeneration steps are operated com- 
pletely in series, the regeneration of the absorbent . 
can be done sufficiently, and O2 gas in the outlet gas * 
of the reactor after regeneration can safely be 
prevented from entering the sulfur recovery system 
to great advantages. . . 

Also, if the flow rate of the high-temperature 
reducing gas in the line 101 is small when the load is" 
low, or if the low sulfur coal is used, the amount of 
FeS generated by the absorption reactions of 
Equations (3) and (4) in the absorbent becomes less 
than normal, and the heat balance in the regenera- 



ting system becomes gradually mor difficult to 
maintain. 

if the load becomes less than a given value (500/o, 
for example) and keeping the heat balance becomes 
5 difficult, a method may also b mployed of partly 
by-passing the sulfur condenser 188 in the sulfur 
recovery system to counter such situation. This is a 
method of letting the gas after the SO2 reduction 
reactions through the line 185 and the heat ex- 
10 changer 186 take a by-pass from the gas line 187 to 
the inlet gas line 192 of the blower 193 through the 
switching valve 198. 

In this case, the by-passing gas contains sulfur 
components such as H2S and gaseous sulfur. These 
15 sulfur components contribute to the heat in the 
regenerating system by burning in the reactors or at 
the inlet of the regeneration reactor. 

Also, even if load fluctuations of a gasification 
furnace (gasifier) and/or changes in the kinds .of coal 
20 used cause the amount of the gas to be purified and 
the content of sulfur compounds to also fluctuate, ft 
is strongly desired for the absorption performance 
and the regeneration performance to remain stable 
in practical situations. 
25 For example, if the amount of the high-tempera- 
ture reducing gas in the line 101 which contains 
sulfur compounds such as H2S and COS decreases, 
or if low sulfur coal is used, the amount of FeS 
generated in the absorbent in the course of the 
30 absorption reactions becomes less than normal, and 
thus the load decreases in the regeneration step. 

Therefore, if the regeneration reactions are car- 
ried out with the same amount of the circulating gas 

as in the case <?f_ normal load, the .reactions are 

35 finished in a shorter period of time, and the heat of . 
the regeneration reactions decreases as the re- 
generation* step progresses. 

Therefore, the temperature inside the reactor and 
that of the outlet gas become low compared to those 
40 at the time of normal loading, and thus it becomes 
necessary to supply additional heat to maintain a 
stable regeneration operation. 

As a method for supplying additional heat, it is 
considered that the high-temperature reducing gas 
45 purified of dust and containing combustible gas 
such as CO and H2 in the line 101 can be supplied 
from the outside of the system so that the heat of 
combustion between this gas and oxygen is utilized. 
However, such use of the . high-temperature 
50 reducing gas should be avoided in terms of ecohomy . 
of the gas purification system because CO and H2 
which are to be used in the downstream after gas 
purification, are consumed wastefully. Therefore, in 
order to maintain stable and continuous operation 
55 even when the load is low, the amount of circulation 
of the regeneration gas should be reduced to extend 
the time for regeneration reactions. With this, most 
cases may be dealt with. 

Although the circulating regeneration gas line is 
60 the sam as in the cas of normal loading veh if the 
load is low, the following measur is taken to protect 
the blower 193. 

Since the blower normally b comes ov rheated if 
the amount of gas sucked in is reduced providing 
65 insufficient cooling, the amount of gas entering the 
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blower should b kept constant. 

Therefore, as the circulation of the regeneration 
gas decreases, the same amount of gas is mor or 
less secured at the blower 193 as in the case of 
normal loading by returning part of the gas in the line 5 
192 after the collection and removal of sulfur to a 
point before the final sulfur condenser 188 through 
the switching valve 194 and the line 195. 

If enough heat in the regenerating system is not 
obtained by adjusting the amount of the circulating 10 
regeneration gas as above, the high-temperature 
reducing gas can also be supplied to the inlet line of 
the reactor in the regeneration step so that 
additional heat is generated by the combustion 
reaction of combustible gas such as H2 and CO. 15 

Furthermore, although the absorption and re- 
generation operations are done using flows counter 
to each other (reversed flows) in FIG. 4 t these 
operations can also be carried out using flows in the 
same direction. 20 

According to the method of the present invention, 
at least four towers of reactors filled with an 
absorbent are used, and the five steps of absorption, 
preliminary regeneration, regeneration, cooling and 
reduction are employed, and of these five steps the 25 
preliminary regeneration and regeneration and cool- 
ing steps are carried out completely in series so that 
abnormal accumulation of heat due to the heat of 
regeneration reactions can be moderated, and the 
life ot the absorbent may be extended at the same 30 
time. Also, recycling heat in the high-temperature 
outlet gas of the regeneration reactor contributes to 
the stabilization of the inlet gas temperature of the 
regeneration reactor. 



purifying high-temperature reducing gas which 
is characterized in that: 

said method uses at I ast four towers filled with 
an absorbent; 

said method comprises the five steps of an 
absorption step for absorbing and removing 
said sulfur compounds with an absorbent, 
preliminary regeneration and regeneration 
steps for regenerating the absorbent, a cooling 
step which takes place after said regeneration 
step is completed, and a reduction step for 
reducing the regenerated absorbent until the 
concentration of the reducing gas becomes 
same on the upstream and downstream sides 
of the absorbent; 

said regeneration and preliminary regeneration 
steps are connected in series to each other; 
a line is disposed for mixing a high-temperature 
gas from an outlet of said regeneration step 
with a gas from the outlet of said preliminary 
regeneration step in order to continuously 
recycle heat of regeneration reactions even 
when the regeneration step is being switched; 
and 

elemental sulfur is recovered by feeding a gas 
containing SO2 which is generated in said 
preliminary regeneration, regeneration and re- 
duction steps to a sulfur recovery system. 



Claims 



1. In a method for absorbing and removing 
sulfur compounds such as hydrogen sulfide and 40 
carbonyl sulfide present in a high-temperature 
reducing gas using an absorbent, 

a method for purifying a high-temperature 
reducing gas which is characterized in that: 
said method uses at least four towers of 45 
reactors filled with an absorbent and comprises 
the four steps of an absorption step for 
absorbing and removing said sulfur compounds 
with an absorbent, a regeneration step for 
regenerating said absorbent using a gas con- 50 
taining oxygen, a cooling step after said 
regeneration step, and a reduction step for 
reducing said regenerated absorbent with a 
high-temperature reducing gas until the con- 
centration of the reducing gas becomes unl- 55 
form before and after passing through trie 
absorbent; 

heat is continuously recovered from a high-tem- 
perature gas at the outlet of the regeneration 
reactor in said regeneration step ; and 60 
the regeneration and absorption performance is 
thus stabilized. 

2. In a method for absorbing and removing 
sulfur compounds present in high-temperature 
reducing gas with an absorbent, a method for 65 
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© Method for purifying high-temperature reducing gas. 



CO 

^© In a method for absorbing and removing sulfur 
compounds such as hydrogen sulfide and carbonyl 
sulfide present in a high-temperature reducing gas 
using an absorbent, 
CO disclosed is a method for purifying a high-tempera- 
CMture reducing gas which is characterized in that: said 
method uses at least four towers of reactors filled 
©with an absorbent and comprises four steps which 
O^are an absorption step for absorbing and removing 
m sulfur compounds with an absorbent a regeneration 
step for regenerating said absorbent using a gas 
containing oxygen, a cooling step after the regenera- 



tion step, and a reduction step for reducing said 
regenerated and cooled absorbent with a high-tem- 
perature reducing gas until the concentration of the 
reducing gas becomes uniform before and after 
passing through the absorbent; heat is continuously 
recovered from the high-temperature gas at the out- 
let of the regeneration reactor in said regeneration 
step; and the regeneration and absorption perfor- 
mance is thus stabilized. 

Also disclosed is a method for purifying a high- 
temperature reducing gas which is characterized in 
that this method uses at least four towers 
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(16,17,18,19) filled with an absorbent as in the above 
method; and an additional preliminary regeneration 
step is provided besides the above four steps in 
order to make possible a smooth operation when 
switching to the regeneration step, and the continu- 
ous recovery of sulfur. 
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